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Abstract
The Mycobacterium tuberculosis genotypes obtained from elderly Finns were assessed and compared with those obtained from younger Finns
to comprehend the epidemiology of tuberculosis (TB) in Finland. From 2008 to 2011, a total of 1021 M. tuberculosis isolates were
characterized by spoligotyping and 15-locus mycobacterial interspersed repetitive units–variable number tandem repeat typing. In total, 733
Finnish-born cases were included in the study, of which 466 (64%) were born before 1945 (older Finns). Of these, 63 (14%) shared an
M. tuberculosis genotype with foreign-born or younger Finnish cases (born after 1945), and 59 (13%) shared a genotype with older Finnish
cases. Eighty-ﬁve per cent had a unique genotypic proﬁle while 70% belonged to T or Haarlem families, suggesting that ongoing transmission
is infrequent among young and elderly Finns. Simultaneous reactivation of TB among older Finns was the most likely cause for clustering. As
most isolates belonged to Haarlem or T, Finland was most likely affected by a similar TB epidemic at the beginning of the twentieth century
as that seen in Sweden and Norway. Younger Finns were signiﬁcantly more likely to be clustered (56% versus 27%, p <0.001), have
pulmonary TB (87% versus 71%, p <0.001) and to be sputum smear positive (57% versus 48%, p <0.05) indicating that the risk of TB
transmission from younger Finns is likely to be larger than from older Finns. The M. tuberculosis isolates from elderly Finns were associated
with dominant lineages of the early twentieth century and differed from the heterogeneous lineages found among younger TB patients.
Additionally, younger TB patients were more likely to transmit TB than elderly Finns.
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Introduction
Monitoring changes in the demographic characteristics of
tuberculosis (TB) cases is important to ensure that target
interventions and control measures are appropriately focused.
While some low-incidence countries are close to elimination
of TB among the native population, patients born in Finland still
account for >70% of all TB cases [1]. This is particularly
contrary to countries like Sweden, Norway and the Nether-
lands where >70% of all TB cases are found among
foreign-born individuals [2–4].
Most of the TB cases in Finland are older Finnish people [1].
Due to the very high prevalence of TB when these patients
were younger (TB mortality rates of 300 per 100 000 in the
early twentieth century) [5], reactivation seems to be the most
likely cause of disease for the majority of these cases.
However, recent transmission should not be automatically
ruled out because we recently reported clusters comprising
both foreign-born and older Finnish patients that were infected
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with Mycobacterium tuberculosis SIT1/Beijing strains, a genotype
that was barely present in Finland in 2002 [1, 6]. Additionally,
older TB cases are of concern because outbreaks can occur
more easily due to comorbidities and gradually deteriorating
immunity as well as close proximity in nursing homes [7].
If we assume that most of our older TB cases are caused by
reactivation, it is essential to understand which M. tuberculosis
lineages were prevalent when these cases were younger. As
certain lineages are associated with an increased likelihood of
developing active/latent TB and being associated with drug
resistance [8–11], it is likely that the dominant lineages of the
twentieth century are inﬂuencing the current TB situation in
Finland. Studies from Sweden and Norway have shown that
relatively few lineages dominated the epidemic of the early
twentieth century [12,13]. Although one could presume a
similar case in Finland, this aspect remained to be investigated.
Hence, the aim of this study was to improve our understanding
of the M. tuberculosis genotypes found among elderly Finnish
TB patients so as to better comprehend the current epide-
miology of TB in Finland. Here we report the M. tuberculosis
strains currently seen in older Finnish TB cases and compare
the M. tuberculosis genotypes obtained from elderly Finns with
those obtained from younger Finnish TB cases.
Methods
Details regarding sample collection, testing and reporting have
been described previously [1]. In brief, notiﬁable infectious
diseases, including TB, are mandatorily reported by physicians
and clinical microbiology laboratories in Finland to the
National Infectious Disease Registry. All M. tuberculosis com-
plex isolates are sent to the Mycobacterial Reference Labo-
ratory at the National Institute for Health and Welfare for
species conﬁrmation, genotyping, drug susceptibility testing
and strain collection. The data in this study were analysed
within the epidemiological research purposes authorized by
the Finnish Communicable Diseases Act (clause 4 in section
40a, Finlex, Valtion s€a€ad€ostietopankki. Available at: http://
www.ﬁnlex.ﬁ/ﬁ/laki/alkup/2003/20030935. Accessed 23 August
2013.) Therefore, ethical approval was deemed unnecessary.
Isolates
From 2008 to 2011, 1397 TB cases were reported in Finland.
Of these cases, 1048 M. tuberculosis complex isolates were
obtained. A total of 1021 (97%) TB cases were successfully
linked between the laboratory database and the National
Infectious Disease Registry, by which the inclusion criteria for
TB cases were: (i) a valid personal identiﬁcation code and (ii)
an M. tuberculosis isolate that was successfully characterized by
spoligotyping and 15-locus mycobacterial interspersed repet-
itive units–variable number tandem repeat typing (MIR-
U-VNTR-15). All genotyping results are freely available
online as supplementary material to our previous publication
[1]. Of the 1021 isolates, 733 (70%) were obtained from TB
cases born in Finland. A ﬂow diagram of TB cases and isolates
included in the study can be found in Fig. 1.
Deﬁnitions
The term ‘older Finns’ refers to patients born in or before 1945
and ‘younger Finns’ refers to patients with TB who were born
after 1945. This year was chosen as cut-off because TB incidence
dropped remarkably after the Second World War and it was
also used by another study performed in Sweden [7]. A cluster
was deﬁned as two or more TB cases with the same spoligotype
and MIRU-15 proﬁle, and labelled as spoligotype or 15-MIRU
International Type (SIT or 15-MIT, respectively). Lineages (i.e.
clades or families) were obtained from the international
SITVIT2 database of the Institute Pasteur of Guadeloupe, which
is an updated version of the SITVITWEB database [14]
(accession date: January 2013). Lineages were commonly
abbreviated as EAI, East-African-Indian; H, Haarlem; LAM, Latin
American-Mediterranean; CAS, Central Asian clade.
Statistical analysis
Demographics of the TB cases and TB typing data was analysed
by STATA 12 (StataCorp LP, College Station, TX, USA)
(Tables 1 and 2). MIRU-VNTR-15 and spoligotypes in binary
format were entered into BIONUMERICS v6.6 (Applied Maths
Inc., Ghent, Belgium) for cluster analysis. A minimum spanning
tree was constructed by permutation resampling (2009) with
highest resampling proportion. The two-tailed Fisher’s exact
test was used when patients’ characteristics were compared
between TB cases born before or after 1945. A multivariable
ordinal logistic regression model was used to assess the
likelihood of being able to transmit TB, using pulmonary TB,
sputum smear positivity and clustered TB genotype as
combined outcome. Cases were classiﬁed according to the
site of infection (pulmonary or extra-pulmonary), sputum
smear status and clustering (or transmission status) and were
recorded as follows: code 5 (n = 113), pulmonary TB, smear
positive, clustered; code 4 (n = 151), pulmonary TB, smear
positive, not clustered (or unique); code 3 (n = 93), pulmonary
TB, smear negative and clustered; code 2 (n = 153), extra-pul-
monary TB, smear negative and not clustered; code 1 (n = 81),
extra-pulmonary TB, smear negative and clustered or unique.
For 142 cases, the smear status was unknown and they were
therefore excluded from this analysis. Sex, age (continuous),
non-Haarlem/T, and living in a large city were used as
independent variables (Table 2).
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Results
Of the 733 Finnish cases, 466 (64%) were born between
1910 and 1945 (older Finns) (Fig. 1). Of the older Finns,
71% had pulmonary TB and 141 (48%) were sputum smear
positive (Table 1). Among the 267 younger Finns included
in the study, 87% had pulmonary TB and for those with
an available result, 57% were sputum smear positive
(Table 1).
Of the 466 older Finns, 63 (14%) shared an M. tuberculosis
genotype with foreign-born cases or Finnish-born cases that
were born after 1945 (younger Finns) (Fig. 1). The 63 cases
were part of 31 clusters with four foreign-born cases and 94
younger Finns, of which 76% were younger than 55 years of
age. Out of the 94 clustered younger Finns, only 27 cases
(24%) sharing the same genotype with older Finns were
more than 55 years old when TB was diagnosed.
Focusing the analysis on the remaining 403 older cases with
genotypes not shared with any foreign-born or younger Finns
in our database, 30 cases (7%) were born before 1920, 162
cases (40%) were born between 1920 and 1930 and 211 cases
(52%) were born between 1930 and 1945. Three-hundred and
forty-four older Finns (85%) had an isolate with a unique
genotype in our database.
TABLE 1. Comparison of older Finnish-born tuberculosis
(TB) cases and younger Finnish-born TB cases, 2008–2011
Characteristics
Young
Finns
n = 267
Older
Finns
n = 466
OR (95% CI) p valuen % n %
Male sex 185/267 69 286/466 61 1.4 (1.02–2.0) 0.037
Living in a
large citya
96/267 36 97/466 21 2.1 (1.5–3.0) <0.0001
Multidrug resistant 2/267 1 2/466 1 1.8 (0.1–24.3) 0.625
Pulmonary
tuberculosis
231/267 87 331/466 71 2.6 (1.7–4.0) <0.0001
Smear positive 123/216 57 141/294 48 1.4 (1.0–2.1) 0.049
Part of a cluster 149/267 56 124/466 27 3.5 (2.5–4.8) <0.0001
Non-Haarlem or
T lineages
109/267 41 142/466 30 1.6 (1.1–2.2) 0.006
aTampere, Turku, Helsinki, Vantaa, Espoo.
TABLE 2. Multivariable analysis of Finnish-born tuberculosis
case characteristics
Characteristics OR 95% CI p Value
Male sex 1.9 (1.4–2.6) 0.001
Living in a large city 1.3 (0.91–1.8) 0.158
Agea 0.98 (0.97–0.98) 0.001
Non-Haarlem/T lineages 1.6 (1.2–2.1) 0.004
Association of TB case characteristics with TB transmission risk (combined
outcome of pulmonary TB, sputum smear positivity, and being clustered) in an
ordinal logistic regression model.
aAge as continuous variable.
466 TB cases
-born in Finland
-born before 1945
403 TB cases
MIRU and spoligo type 
exclusively seen in Finnish 
elderly
344 TB cases
unique MIRU and spoligotype
63 TB cases
MIRU and spoligotype shared 
with foreigners or young Finns
1021 TB isolates
collected
in Finland from 2008–2011
59 TB cases
MIRU and spoligotype shared 
exclusively with elderly cases
EXCLUDED: 
• 264 foreign born
• 267 Finnish born >1945
• 24 unknown origin
FIG. 1. Flow diagramof tuberculosis (TB)
cases and isolates included in the study.
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TB isolates from older Finnish TB cases and minimum
spanning tree
Spoligotypes of the 403 M. tuberculosis isolates obtained from
older Finns revealed that they were highly homogeneous, 70%
of them belonged to the T and Haarlem families (Table 3).
Even within these two lineages, isolates were very homoge-
neous, 124 out of 156 (79%) T assigned isolates, and 99 out of
125 (79%) of the Haarlem isolates shared a spoligotype with at
least one other case. Among the T1 isolates, 57 isolates
shared the same spoligotype (SIT53), and among the Haarlem
1 isolates, 36 were SIT47. Both the SIT53 and SIT47
spoligotypes were further separated by MIRU-15, into 50
and 34 separate clusters, respectively. To visualize the genetic
variation of the M. tuberculosis isolates, cluster analysis was
performed by using spoligotyping (Fig. 2). Among the 138
spoligotypes, 29 (23%) were unique, i.e. previously not seen in
our database or in the international SITVIT2 database
containing over 110 000 isolates. Most of these unique
patterns were genetically distinct from previously described
SIT proﬁles (Fig. 2).
Recent transmission or reactivation among older
Finnish-born TB cases?
Of the 403 isolates, 59 (15%) shared a genotype (same MIRU
and spoligotype) with other older Finns. Of these 59 isolates,
24 clusters were identiﬁed: one cluster consisting of ten cases,
three clusters of three cases, and the remaining 20 clusters
consisted of two cases. When investigating the cluster of ten
cases, all cases were born and currently residing in different
parts of Finland.
We compared the 344 older Finns with a unique M. tuber-
culosis isolate with the older Finns that shared genotypes with
younger Finns or foreign-born cases. No statistically signiﬁcant
differences in pulmonary TB, male sex, or smear positivity
were noted.
Older Finnish born TB cases compared to younger Finns
Even though extensive background and contact tracing infor-
mation is necessary to compare TB acquisition and transmis-
sion between age groups, we compared 267 younger Finns and
466 older Finns with each other (Fig. 1). Younger Finns were
signiﬁcantly more likely to be clustered (56% versus 27%,
p <0.001) (Table 1). Moreover, younger Finns were more
likely to have pulmonary TB (87% versus 71%, p <0.001) and
were more likely to be sputum smear positive (57% versus
48% p <0.001) compared with older Finns (Table 1). The
multivariable ordinal logistic regression model used the
combination of having pulmonary TB, smear positivity, and
being clustered as outcome variable and age as explanatory
continuous variables. The model was checked for parallel line
assumptions and assessed for inﬂuential observations (cases). It
is in line with univariate analysis results, as it suggests that
younger cases are more likely to transmit TB than older cases
(Table 2).
Discussion
To better understand the TB situation in Finland, we
performed an in-depth assessment of the Finnish-born cases.
We found that most isolates obtained from older Finnish cases
belonged to Haarlem or T lineages. These were also found to
be dominant among older cases in Norway and Sweden,
suggesting that these lineages were highly prevalent across
Scandinavia when these cases were exposed at a younger age
[12,13]. It seems likely that Finland was affected by the same
TB epidemic at the beginning of the twentieth century, as was
found in Sweden and Norway.
Even though most of the isolates obtained from older
Finnish TB cases belonged to two dominant lineages, most
isolates (85%) still had a unique genotypic proﬁle (MIRU and
spoligotype). Because of the high incidence when the elderly
cases were young, it seems most likely that many older cases
had a reactivation of an infection obtained decades earlier
rather than a recent infection.
TABLE 3. Common lineages among Finnish-born tuberculo-
sis cases, 2008–2011
Spoligotype
(SIT)
Young
Finns
Elderly Finns clustered witha
Total %
Young &
foreign
Elderly & not
clustered
T 95 17 156 268 36.6
53 45 13 57 115 15.7
823 4 3 8 15 2.0
52 4 0 11 15 2.0
Other 42 1 80 123 16.8
Haarlem 63 26 125 214 29.2
47 19 4 36 59 8.0
49 18 4 20 42 5.7
50 7 12 16 35 4.8
Other 19 6 53 78 10.6
Unknown 37 6 60 103 14.1
914 14 2 10 26 3.5
46 2 0 22 24 3.3
918 3 2 2 7 1.0
Other 18 2 26 46 6.3
LAM 35 5 25 65 8.9
42 27 1 6 34 4.6
933 3 3 5 11 1.5
20 3 1 3 7 1.0
Other 2 0 11 13 1.8
Ural 15 6 29 50 6.8
262 6 2 6 14 1.9
35 5 0 9 14 1.9
921 2 3 6 11 1.5
Other 2 1 8 11 1.5
Other 22 3 8 33 4.5
Total 267 63 403b 733 100.0
aGenotypic pattern (mycobacterial interspersed repetitive units (MIRU) and
spoligotype).
bOf which 344 have unique genotypes (MIRU and spoligotype) and 59 were
clustered.
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Not all older cases had a unique genotypic proﬁle. Almost
an equal amount of older cases clustered with other older
cases as with foreign-born or younger Finnish cases. We used
the relatively arbitrary cut-off of being born before or after
1945 to determine whether he/she is ‘older’ or a ‘younger’ TB
case [13]. However, looking at the younger Finns that were
clustered with older Finnish cases, almost 80% were younger
than 55 years of age, indicating that relatively few clusters
were divided by using this cut-off. This suggests that the cut-off
of 1945 was appropriate to distinguish the two age groups.
We also found some clusters consisting exclusively of
older Finnish TB cases. Given the close genetic similarity of
TB genotypes found among older cases, many small clusters
(two or three cases) were noted and the fact that TB lineages
do not divert much over time, clusters of older cases are
more likely to be caused by reactivation of TB in the same
time period rather than recent transmission [15]. As
suggested in previous studies, clustering in stable rural
populations may result from simultaneous reactivation or
from the predominance of well- preserved endemic TB
strains in the population [16]. Our study clearly showed the
predominance of well-preserved TB strains (Haarlem and T)
in Finnish elderly reactivating TB cases. Additionally, we
observed simultaneous reactivation among elderly Finn-
ish-born cases. These well-preserved endemic strains of the
early 20th century are very likely to have caused simulta-
neous reactivation. Whether this truly represents simulta-
neous reactivation of strains prevalent in the beginning of the
20th century or recent transmission cannot be determined
without a thorough investigation into TB cases included in
our study. As TB contact tracing information is not system-
atically collected in Finland, this was not feasible. However,
recent transmission in, e.g. elderly homes was unlikely as
clustered cases were not geographically linked. Another
limitation is that we only used genotyping data obtained
during a 4-year study period, which potentially underesti-
mates the clustering frequency observed.
Compared with older cases, younger Finnish cases were
more likely to be clustered, have pulmonary TB and be
smear-positive, indicating that the risk of TB transmission from
younger Finns is likely to be larger than from older Finns. This
is an important ﬁnding with public health consequences,
particularly since the mean age of TB cases is decreasing in
Finland, from 63.9 years of age in 2000 to 55.9 years in 2012
[17]. If younger Finnish cases are more likely to transmit TB
than older, awareness among physicians and clinicians should
be raised. As in many low-incidence countries, awareness of
TB among clinicians is low and very difﬁcult to maintain,
particularly when TB is, often incorrectly, associated with
immigrants only. Raising awareness that younger Finnish
people can contract and transmit TB is even more challenging.
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